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This paper is organized as follows. Section 2 we will propose the line drawing model definition with seven basic emotions based on bézier curves. Section 3 describe the research method, including how to train and track the facial feature points and how to decompose to basic emotions and transfer to the line drawing models. The last two sections are the results and conclusion.
Proposed Line Drawing Model
In this paper, we choose the shape combination method to make the facial animation. The shapes are divided into seven different emotions like the [12] proposed which are neutral, happiness, anger, disgust, fear, sadness and surprised. we choose bézier curve with width to describe the facial line drawing model and most of the curves are cubic curves with four control points. The control points are saved to file for reused. Some lines share one control point with the line previous or next to them.
Curves
In computer graphics and computer aided design, bézier curves are used widely. The curve is controlled by several control points and could be directly manipulated in the convex hull by control points intuitively. Adjustion of the positions of control points can make the curve deformed.
Linear Bézier curves A linear Bézier curve is a straight line and have two control points P 0 and P 1,
Quadratic Bézier curves A quadratic Bézier curve havs three control points P 0 , P 1 , and P 2 , B t 1 t P 2 1 t tP t P , t ∈ 0,1
Cubic Bézier curves Four points P 0 , P 1 , P 2 and P 3 in the plane or in higherdimensional space define a cubic Bézier curve. The curve starts at P 0 going toward P 1 and arrives at P 3 coming from the direction of P 2 .
B t 1 t P 3 1 t tP 3 1 t t P t P , t ∈ 0,1
In this paper we choose Bézier curve with width to describe the facial line drawing model and most of the curves are cubic curves with four control points.
Line Drawing Model
The expressions of people could be classified into six facial expressions which are common to all. Those expressions are happy, anger, disgust, fear, sadness and surprised [12] . McCloud defined six basic emotions and considered these basic emotions can be blended to achieve complex emotions [13] . Grimace project gives the origin graph of the caricature based on [13] in their web site. In this paper, we defined this six emotions with line drawings of bézier curves to generate the animation. Table 1 . We use bézier curve with width to define the strokes and describe the stokes' width at every control point, as in (4).
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Where (x i ,y i ) is the coordinate of the control point i and w i is the width of the stroke. On drawing, the width of every point is calculated by the segmentation and interpolation of the adjacent control points.
Those definition of the model are showed in Table 1 . In this definition, the number of control points is 56 and curves number is 14. Each column show one emotion of the model. The unit is pixel and the rows are the control points. Table 2 shows the lines of the model. There are 14 lines and each of those are cubic and include four lines for eyes, two for eyebrows and the eight lines for mouth. The numbers in Points No column shows the control points, with the order of curves control points. 
Research Method
With the seven basic emotions, we need get the ratios of the distribution of the emotions to blend the shape to achieve the animation. In this paper, a core of AAM is used to get the ratios. Before decomposing the expression, the person is required to perform some expression in front of the camera which is recorded and analysed with AAM to get the special emotion shape. When a frame is inputted, the AAM fit the shape of current face and locating the shape features points and then decompose that shape into ratios of personal emotion shapes. At last transfer this ratios to line drawing model to get the animation result. The process is showed in Figure 2 . The AAM fit process is based on the work of [11] . See in (5) .
Where the coefficients p is the shape parameters and The base shape S 0 is the mean shape and the vectors Ai are the eigenvectors of the appearance, W(x;p) means warp the pixel in the current facial shape of the input image to S 0 , q is the global parameter, include rotation, scale and translation. In AAM, the global parameter q is used to adjust the fit result to match the inputted face and necessary in the fit process, however that is irrelevant to the expression. So in this paper, the parameter q of AAM fit result is abandoned after the fit process.
The personal special emotion images are performed and fit with AAM. The fit result shapes are recorded and used to decompose the fit result in above paragraph by singular value decomposition (SVD).
Where S is the shape and E i is the shape of personal emotion shapes. α is the ratio of ith emotions. After decomposition, the α is transfered to the corresponding line drawings.
Experiment Results and Discussion
The line drawings are formed with bézier curve as showed in Table 1 . In this paper, a simple facial line drawing model is used to finish the experiment. See it in section II.
We write a tool to design the line drawings which could draw the bézier curves and fit a video with AAM and output the ratios of the result. After animation generation, the ratios of each frame could be adjusted.
The AAM model is built with the IMM Face Database [14] , some Asian facial images and a few of personal images. The tool is implemented with VC++2010 and OpenCV2.1.
The personal special images are showed in Figure 3 . All of the special images are aligned to main shape of the AAM trained model. Seven emotions are recored and fit with AAM to get the shape of the special emotions which are corresponding to the emotions in line drawing model. 
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In the experiment, a video is inputted to test the model. From Each frame, the method get a ratios of the emotions and then transfer them to the line drawing model. Figure 4 shows a frame from the video. The sum of the ratios is 1, but a few of them may below zero which is caused by the decomposition and in the experiment and has not serious consequences on the results.
Some other line drawing results are showed in Figure 5 . The number right to the images are the emotion ratios of the frame. From the result, we can draw a conclusion that although there are only seven ratios to express the facial expression, the model could effectively generate a rich animation. The test video has 1241 frames, the emotion ratios record file is only 26k Byte, the runtime of the transfer is about 100s which include the AAM fit process on a PC(CPU 2.3GHz, 2G Ram). That shows this method is suitable to record and communication.The distribution of the emotions are showed in Figure 6 . Figure 6 illustrate that most of the emotion ratios are between -0.4 and 0.6. The neutral, anger and fear are easier to extract than happy and disgust with our method. The disgust complements to the other sometimes. Figure 7 illustrate that surprised emotion is very stable between the frames and others fluctuates in a small range but change faster when the expression is changed quickly. 1  51  101  151  201  251  301  351  401  451  501  551  601  651  701  751  801  851  901  951  1001  1051  1101  1151 
Conclusion
Through the proposed line drawing definition model and transfer method, a line drawing animation can be automaticly generated. The line drawings model are simple, easy to achieve, less memory space and run fast. So the proposed method is capable of transfering expression videos to line drawing animations for the purpose of communication. Because of the use of shape combination animation method, that conforms to the industrial standard and is easy to change the animation figure, even the animal figure. The person need play or input some special expressions for the decomposition of AAM that is lack of the method. Introduce a plenty of facial emotion image database to train the special AAM may solve that. More animation figure should be provided for output choise and the details of the face could be added. Those would be our work in the future.
